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The transition ¥y* = 7% in which o real and a virtuat photon produce a
picn is the cleanest exclusive process for testing QCD predictions. In the lowest
artler of perturbalive QCD, the asymplotic ehavior of the relevant Torm factor
Foqe v (@) b8 given by[1)

PO QY = 4'rrf e wa(;) + Ofanfm) +OJQY) (0

where . {x} is Lhe pion distribution amplitude describing the projoction of Lthe
pion onlo the quark-antigquark pair carrying the momenta zp and (1 —zjp. The
nonperturbative information is accumulaled here by the integral

1
b= [o "’—’f) dr . (2)

Tty value depends on the shape of ¢ {z). In particular, using the asymptot-
ic form[2, 1] @3*{x} = Gf,z{l — =} one obtains Jo = 3fy which gives the
T2, o{Q7) = dn fo /@ prediction for the large- Q? Lehavior[l]. Brodsky and
Lopage([1] proposed the interpolation formula F""K,.(Q’) = 1/[7 f(1+ Q% 20)]
which reproditces, for g = 4n?f3, both the G2 = 0 value and the high-§? be-
havior, The snme result follows from the model[3) based on lecal quark-hadron
dnatity, in which . 0{7) is oblained by calculating the amplitude of the
transilion of the pion into a Jg pair with the invariant mass s, with subsequent
integration over Lhe pion duality interval 0 < s < gq.

Adding the one-loop pQCD corrections[d, 5] and asswning the asymptotic
distribution amplitude {DA} one obtains

o=t (132 (3)

Another frequently used model pS€(x) = 6f.x(l — £){1 - 2r)* was proposed
by Chernyak and Zhitnitsky[7]. It gives an cssentially larger value fo = 5.

FNEG(Q%) |o=




Comparison with recent CLEQ datalfi] favors the distrilbulion amplitudes close

to the asymplolic one.

. Tlie asymptotic behavior of the pion eleclromagnetic lorm facior can hL alse
““calculated in pQCD[_T 2,1] . .

FLO(Q!) Sﬁ’ﬂ,(Q )f dﬂ:] dy pl(-’”)‘ﬂn(!f} BW“:(QZ)I";! (4}

zyQ“ = Toge
It involves the same integral fp-of ‘e pion DA. However, taking fo = 3f,-
(as suggesied by Lhe yy*x® data) and -, ~ 0.3 gives the result which is Loo
small. Tt is instructive to sewrile the pQCD term {for I.I1e asymplolic DA) as
2(&,/«](55]@") Since sp = An? [ ~ 0.67 Ge\” ~ mt 2, the pQCD term has
an extra l'.u:l.or 2(ex, far) ~ 0.2 compared to the m fQ’ behavior suggesied by

1[(1 +Q"'/m’) Nnte that thc O(u,/ar) factors )

rlualll.y rﬁudel Ca.lculat ng the a.rnphtude for the transition q.-nr' —> g’q’q , with
the initial §g pair having mass s; while the Anal #¢’ pair having mass sz, am]
integrating over the pion duality regmn 0 < 81,83 < sg one oirkains]8]

LDaofigyy _ g _ L1 6s0fQ?
FORQN =1 ey -
Asymptotically, thie contribution decreases as 1/(4. Within the local duali-
ty approach, the a,/(? term is obtained from the O{a,) contribution to the
Ggy* - ¢ amplitude. Fortunately, the Q* = 0 limit of this contribution is
fixed by Lthe Ward identily resulling in F£2-¢4(Q* = 0) = a, /7. The simple
: mterpulal.mn formmila (aualugous to the Bmdsky—[.epage uxpressmn) glves

w,n. 2 as 1 :
ki (Q)—( )1+Q2f25.;

The sun F”D""ﬂ(Q’} + FiDume Q“] is in a full agreemnent (for a,fw = G l]
with the recent Jeflerson Lab datafd}. Similar resulls for the pion form [aclor
have been obtained within the light-cone QCD sum rule approach[10].

The pQCD radiative corrections to the asymplotic term are known[11]. In
case of Lhe asymptolic DA, the result in Lthe MS scheme is[11, 12]

2 2
FROCDNLO(QP) = B———“f"g;(@ ! {1 + 2 Eﬁn - 3‘91]} :

where fig = 11 — 2N /3 35 the lowest coefficient, of the QCD 8 function. The
O(f) term can be absorbed into the redefinition of the arg L of Lthe QCD
-running coupling a,{Q?) - &,(Q%e~1%3), which indicates that. the average vir-
tualily of the exchanged “hard” gluon is much smaller than @%. Numerically,

for all accessible Q2, e scale Q%e =17 is well below the typical hadronic scales
like mg, 50 one should treal o, (Q?e'4/%) as an effective constant ~ 0.4 corre-
spouding to a, Laken in the *infrared” limil, below which a; does nol un[12].
The remaining negalive correction has the same nature as the O(m,) Lerm in
the expression for the yy* — «? form factor. They both are due Lo the Sudakev
cffecta[5] whtch sqeeze Lhe elleclive transverse size of §g pairs[13].

Summarizing, both the p!:rt,urbd.l.lve and nenperturbative aspects of the Q%
dependence of the vy* -+ 7% lorm faclor and of the pion electromagnetic form-
faclor are ratlier well understood in quantum chromodynamics. However, new
experimenial data at higher @* woiild be estremely helpful for detailed tests

© of the le.l'lsll.l()ﬂ Lo t.]u: Togime: where the pQCD llard contribution plays Lhe
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